NGC 4490/85 (UGC 7651/48) or Arp 269 is well known for being one of the closest interacting/merging galactic systems. NGC 4490 has a high star formation rate (SFR) and is surrounded by an enormous H I feature stretching about 60 kpc north and south of the optically visible galaxies. Both the driver for the high SFR in NGC 4490 and the formation mechanism of the H I structure are puzzling aspects of this system. We have used mid-infrared Spitzer data to show that NGC 4490 has a double nucleus morphology. One nucleus is visible in the optical, while the other is only visible at infrared and radio wavelengths. We find the optical nucleus and the potential infrared visible nucleus have similar sizes, masses, and luminosities. Both are comparable in mass and luminosity to other nuclei found in interacting galaxy pairs and much more massive and luminous compared with typical non-nuclear star-forming complexes. We 2 Lawrence et al.
INTRODUCTION
NGC 4490/85 (UGC 7651/48) or Arp 269 (Arp 1966 ) is a relatively nearby (d ≈ 9.2 Mpc; Yim & van der Hulst 2016) interacting galaxy system (see Table 1 for a summary of all adopted physical and observational parameters). As shown in Figure 1 , it consists of a smaller irregular (IB 9) galaxy (NGC 4485) interacting with a larger barred spiral (SB 7) galaxy (NGC 4490, or colloquially the "Cocoon Galaxy"). In this paper we present evidence that NGC 4490 is itself a late-stage merging system, and we discuss how this fact explains some puzzling aspects of the Arp 269 system.
One of the most striking features of NGC 4490/85, first noted by Huchtmeier et al. (1980) and Viallefond et al. (1980) , is that it is embedded in an extensive envelope of neutral hydrogen (H I).
The H I emission is elongated approximately perpendicular to the plane of NGC 4490 and has a total length of approximately 120 kpc (see Figure 2 ). One hypothesis for the origin of this structure is that it is the result of a star formation/supernova-driven outflow plume (Clemens et al. 1998 ).
An extensive multi-wavelength study of NGC 4490/85 by Clemens et al. (1999) showed that the dynamic timescale for the formation of the plume (≈ 6 − 7 × 10 8 yr) is consistent with a derived long-lived (≈ 10 8 yr) constant high rate of star formation (4.7 M yr −1 ), which we will call the NGC 4490 starburst hereafter. In addition, Hα and X-ray observations Alexander 2002 and Richings et al. 2010 respectively) show filaments and outflow features that are consistent with the outflow hypothesis. Noting the minimal disruption of the optical disk of NGC 4490, Clemens et al. (1999) argued that we are observing the first encounter between it and NGC 4485. They estimated that the time since the closest approach (i.e., pericentric passage) was ≈ 6 × 10 7 yr and estimated NGC 4490 Double Nucleus 3 that the effects of the encounter on star formation in NGC 4490 would not become significant until ≈ 10 8 yr after the closest approach.
Alternatively the H I emission may be from tidal features associated with the encounter between NGC 4485 and NGC 4490. Clemens et al. (1998) briefly considered this idea, but simulations of galaxy collisions between unequal mass galaxies available at that time did not show elongated structures matching the H I morphology. This idea was followed up by Pearson et al. (2018) , who modeled the interaction and found a plausible encounter history that results in a baryonic mass distribution similar to what is observed in H I. In their best-match model there are two previous close encounters of the galaxies 1.3 Gyr and 0.19 Gyr ago, and the two galaxies are predicted to fully merge in another 0.4 Gyr. During the first passage a large tidal tail is formed primarily from NGC 4490 that eventually extends to a length of ≈ 200 kpc. When viewed at a particular angle this tail is seen as a symmetric structure centered on NGC 4490 thus matching observations. One possible shortcoming of this model is the lack of an observed stellar component to the tidal feature as both stars and gas should be influenced by the tidal interaction; they suggest this apparent discrepancy could be the result of NGC 4490 having a gas-rich disk that is much larger than the stellar disk resulting in a gas dominated tidal feature. Pearson et al. (2018) concluded that star-formation driven outflows may add material to the observed envelope, but they are not the source of the bulk of the material seen as the symmetric H I structure.
In this paper we use multi-wavelength images of NGC 4490 to show that the galaxy has two nuclei; one is visible primarily at optical wavelengths while the other one becomes prominent only at infrared (IR) and radio wavelengths due to extinction within NGC 4490. The use of IR imaging to investigate the structure of interacting galaxies dates back to the advent of IR imaging arrays. For example, Stanford & Balcells (1990) used K-band images to show that there are two nuclei within the Arp 157 system, which led to it being used as the defining example of an intermediate-stage merger in the Hibbard & van Gorkom (1996) galactic merger sequence study. Stanford & Bushouse (1991) and Bushouse & Stanford (1992) conducted an IR imaging survey of approximately 180 Arp systems, but, since their survey was limited to objects that would fit within the 78 × 84 arcsec field of view of a For NGC 4490 unless otherwise indicated.
b Derived using Hubble's Law and velocity field described in Appendix A of Mould et al. (2000) .
their detector, the relatively nearby Arp 269 system with its large angular extent was not examined.
Radio continuum and Hα emission associated with this second nucleus, which we will refer to as the 'infrared' nucleus, have been observed before (Seaquist et al. 1978; Duval 1981) , but our study is the first to compare its physical properties to the optically-visible nucleus. In the current paper, we
show that it is comparable in mass and size, and we place this feature in the context of the history of the Arp 269 system. The fact that NGC 4490 could be a late-stage merging system, as suggested by the presence of two close nuclei, has implications for either picture of how the H I plume formed. In the star-formation driven hypothesis, the merger could act as the driver for the necessary extended period of star formation. In the tidal debris picture the previous merger is a new part of the Arp 269 system that must be accounted for, and the resulting nucleus is a major structural feature of the system that must be matched in any simulation. from WHISP (van der Hulst et al. 2001) in Westerbork Units (WU; 1 WU = 5 mJy beam −1 ). The total extent of the H I plume is ≈ 120 kpc for our adopted distance of 9.2 Mpc. The cyan and green contours represent the optical extent of NGC 4490/85 as shown in Figure 1 , and the black cross marks the location of the NGC 4490 optical nucleus (see Figure 1 ). The beam, shown in the lower right, is 17.9 × 12 arcsec.
OBSERVATIONS
Coordinate system is J2000.
Unsurprisingly, given that Arp 269 is well known for being one of the closest interacting/merging galactic systems, there is an extensive collection of high-quality archival data available spanning a wide wavelength range. In Table 2 we list the various data sets used in this study, and, for convenience, we briefly summarize the key characteristics of the data in the following paragraphs.
Unless otherwise indicated, data were downloaded from the NASA/IPAC Extragalactic Database 1 (NED).
Ultraviolet (UV) data were obtained from the GALEX mission. GALEX was a NASA Small Explorer mission that operated between 2003 and 2012 making observations in two UV bands in the far-UV (FUV ≈ 154 nm) and near-UV (NUV ≈ 232 nm). The properties of the various GALEX data products, including calibration details and resolution, are described in Morrissey et al. (2007) . (Kennicutt et al. 2008) .
At infrared wavelengths we made use of data from the Two Micron All Sky Survey (2MASS) and the Spitzer space telescope. 2MASS is an all-sky near-infrared survey in the J (1.25 µm), H (1.65 µm),
and Ks (2.16 µm) bands (Skrutskie et al. 2006) . Observations were conducted from two dedicated 1.3-m diameter telescopes located at Mount Hopkins, Arizona, and Cerro Tololo, Chile. The Spitzer mission is described in Werner et al. (2004) . We made use of data from the 24, 70 and 160 µm bands of the Multiband Imaging Photometer (MIPS; Rieke et al. 2004) , and data from the 3.6, 4.5, 5.6, and 8.0 µm bands of the Infrared Array Camera (IRAC; Fazio et al. 2004 ). The 3.6 and 4.5 µm data are described in Sheth et al. (2010) , and the observations in other bands are described in Dale et al. (2016) . (Yim & van der Hulst 2016) . Images were created using a beam size of 17.9 × 12 arcsec (ellipse major × minor axes), and the data cube channel spacing is 4.14 km s −1 .
Details of the WHISP observations and data reduction can be found in van der Hulst et al. (2001), Swaters et al. (2002) , and Noordermeer et al. (2005) . 
ANALYSIS
Since the optical and infrared nuclei are equally prominent at 3.6 µm we used the Spitzer image in that band to define the apertures used for our analysis. Figure 4 shows the central and northwest portions of NGC 4490 at 3.6 µm. We use 500 pc radius apertures centered on the optical nucleus (OPT) and the infrared nucleus (IR). These are shown along with similar apertures around two more compact regions (A and B). These two compact regions correspond to regions 4a+4b+5 and region 2 from the radio study of Clemens & Alexander (2002) respectively. An Hα image of NGC 4490 in Figure 5 shows the position and approximate extent of the Clemens & Alexander (2002) H II regions along with our apertures. We find the Hα luminosity (L Hα ), calculated using the apertures shown in Figure 5 , is 1.43 × 10 40 and 1.23 × 10 40 erg s −1 for regions A and B respectively. These L Hα values, and the compact nature of each source, are consistent with these regions being giant H II regions (e.g., see Table 9 .1 in Conti et al. 2008) . The L Hα of the H II regions A and B are both similar to the L Hα of 30 Doradus (1.5 x 10 40 erg s −1 ), which was measured in a 370 pc diameter region (Conti et al. 2008; Kennicutt 1984) . The L Hα values calculated for the 500 pc regions (OPT, IR, A and B) where the flux densities are in Jy, D is the distance to NGC 4490 in Mpc, and the adopted distance to the LMC is 50 kpc. Photometry was obtained from sky-subtracted images for each of the nuclei at 3.6 and 4.5 µm using the 500 pc apertures shown in Figure 4 with no local background subtraction.
This means that the fluxes we measure include light from the inner portion of the undefined disk, the inner bulge (if any), in addition to the nucleus itself. In the following analysis, we use the term 'nucleus' to refer generically to this part of the galaxy. We also measured F 3.6 and F 4.5 for NGC 4490 and NGC 4485 using elliptical apertures of 9.12 × 4.31 kpc and 3.07 × 2.42 kpc respectively (semi-major × semi-minor axis). In addition to the ≈ 1 Mpc uncertainty in the distance to NGC 4490 (e.g., Clemens et al. (1998) uses 8 Mpc), the main source of error in the mass estimate is a 1σ uncertainty of up to ≈ 30% caused by intrinsic scatter in the calibration (Eskew et al. 2012 ). All of the flux density measurements and derived masses are summarized in Table 3 .
We find that the mass of the optical and infrared nuclei are comparable (M OPT ≈ 1.1M IR ), and each nucleus contains about 10 percent of the stellar mass of NGC 4490. The infrared and optical nuclei are each also 3 -5 times more massive than either of the two H II regions, which each contain only 2 -3 percent of the stellar mass of NGC 4490. As expected, the total stellar mass of NGC 4490 is much larger (≈ 15 times) than NGC 4485, but it is approximately 5 times smaller than the Milky Way's total stellar mass of 6.08 ± 1.14 × 10 10 M (Licquia & Newman 2015 
Spectral Energy Distribution
To construct a spectral energy distribution (SED) for NGC 4485, NGC 4490, the infrared and optical nuclei, and the H II regions A and B, we obtained photometry on sky-subtracted images from the FUV at 1539Å to the FIR at 160 µm using the apertures described in the previous section (see Table 3 . In all cases no local background subtraction was made. The photometry is summarized in Table 3 , and the SEDs are shown in Figure 6 . In Figure 6 the SED has been extended to 1100 µm using a single dust temperature (T d ) modified blackbody, MBB: ν β B ν (ν, T d ). For the dust emissivity we used β = 1.3 (Dunne et al. 2000) , and the dust temperature (T d ) was obtained by matching the (70/160) flux density ratio. See column 7 of Table 4 for the dust temperatures (T d ). We see that all six of the SEDs show a double-peak structure, as would be expected for a combination of stars and heated dust. Both of the galaxies have similar SEDs, although clearly NGC 4490 is much more a North: PA = 0 • , East: PA = 90 • (see Figure 1 for compass); PA refers to position of semi-major axis. c Integration between FUV and 3 µm (linear interpolation between 2.16 and 3.6 µm).
d Empirical calibration from Dale & Helou (2002) , where the 3 to 1100 µm luminosity (L TIR ) is estimated from the 24, 70, and 160 µm flux densities.
e Sum of L 3 and L TIR .
f Dust temperature for a β = 1.3 modified blackbody (MBB) fit to the 70/160 flux density ratio.
luminous than NGC 4485. The shape of both galaxy SEDs is very similar to the shape of the infrared and optical nuclei SEDs.
We measured the bolometric (FUV to 1100 µm) luminosity for the objects in two ways. In the first technique we extended the SED beyond 160 µm using a MBB; ν β B ν (ν, T d ), with β = 1.3 and T d set by the (70/160) flux density ratio (see column 7 of Table 4 ). The FUV to 1100 µm SED (see Figure 6) was numerically integrated using the trapezoidal rule (i.e., using a piecewise linear approximation for the SED), and the resulting luminosity, L 1100 MBB, is shown in column 3 of Table 4 . For reference, we also show the luminosity obtained when the integration omits the FIR (λ > 160 µm) and covers the range 0.1539 λ 160 µm (L 160 in column 2 of Table 4 ).
In the second technique we first integrated between FUV and 3 µm (L 3 , column 4 in Table 4), where the 3 µm point was estimated using a linear interpolation between the 2.16 and 3.6 µm flux densities. To account for emission beyond 3 µm we then used the empirical calibration from Dale & Helou (2002) , where the 3 to 1100 µm luminosity (L TIR ) can be estimated from the 24, 70, and 160 µm flux densities. L TIR is shown in column 5 of Table 4 and the bolometric luminosity estimate, L 1100 (3+TIR), found by combining L 3 and L TIR is shown in column 6. Inspection of Table 4 shows that the luminosity found in this manner is (5-15%) lower than the luminosity found using the MBB.
For simplicity we will adopt the MBB bolometric values in further discussions.
We find that both the infrared and optical nuclei have similar bolometric luminosities: L bol (OPT) ≈ L bol (B) ≈ 0.45L bol (IR). We discuss the nucleus and H II region luminosities further in subsection 4.3.
Radial Profiles
We also compare the optical and infrared nuclei, and the two H II regions A and B, by examining their 3.6 µm radial surface brightness profiles constructed using IDL. The same apertures used for photometry were divided into a series of concentric annuli of width 0.75 arcsec (3.6 µm image pixel size, ≈ 33.45 pc at 9.2 Mpc), and the average surface brightness within each annulus was calculated.
The resulting normalized radial profiles are shown in Figure 7 .
H II regions A and B both have sharply peaked profiles showing that the emission within the aperture is dominated by a single compact central source. In contrast, the OPT aperture profile shows a shallow, essentially linear, decrease in brightness. The IR aperture profile is a combination of these two profile types. There is a steep drop off at small distance, like the H II region profiles, followed by a more shallow linear decrease similar to the OPT profile. There are a number of compact H II regions within the IR aperture, as can be seen in the Hα image ( Figure 5 ). In particular, H II region 13 from Boulesteix et al. (1970) is very close to the center of the aperture and is the cause Figure 4 shows the 500 pc radius aperture locations used for the clump photometry on a 3.6 µm image of NGC 4490.
J2000 positions for the galaxy and clump apertures are given in Table 3. of the central peak in the radial profile. Some smaller compact sources, not cataloged by Boulesteix et al. (1970) , are responsible for the departure from linearity observed around a radius of 10 pixels.
In order to separate the compact and diffuse emission components in these regions we applied the spatial filtering technique described in Sofue & Reich (1979) . Starting with an initial image, Comparison of the small-scale structure image with the Hα image shown in the lower right panel of Figure 8 shows the filtering technique has done a good job of isolating compact emission features likely associated with H II regions.
Using the same technique described before, we obtained radial profiles for the optical and infrared nuclei as seen in the large-scale structure image (upper right panel of Figure 8 ). As expected, there is only a minimal change to the normalized profile of the optical nucleus. In contrast, the radial profile of the infrared nucleus now closely resembles that of the optical nucleus; there is a shallow linear decrease in intensity over the entire aperture.
Star Formation Rate
The combination of FUV and 24 µm IR emission has proven to be a good tracer of the star formation rate (SFR) of an extragalactic system (Calzetti et al. 2007; Leroy et al. 2008; Yim & van der Hulst 2016) . To calculate this quantity our GALEX FUV and Spitzer 24 µm images of NGC 4490/85
were first reprojected to a common pixel grid using montage (Berriman & Good 2017) , and the FUV image was converted from counts s −1 to MJy sr −1 to match the 24 µm data. The SFR surface density, Σ SFR , was then calculated on a pixel by pixel basis using the following equation from Leroy et al. (2008):
where I FUV and I 24 are the FUV and 24 µm surface brightness in MJy sr −1 , and i is the inclination angle of the galaxy. Σ SFR was then integrated over the appropriate aperture to obtain the total SFR (M yr −1 ) for the region of interest. To facilitate comparison of our results with earlier estimates of the SFR, we multiplied our SFR values by a factor of 1.59 (Leroy et al. 2008 ). This converts the SFR derived using Equation 2, which is based on a Kroupa (2001) 
where the luminosities are in erg s −1 and L(24 µm) is expressed as νL ν . As before, we multiplied our SFR values by a factor of 1.59 to convert the SFR derived using Equation 3, which is which is based on a Kroupa (2001) initial mass function (IMF) with a stellar mass range of M = 0.1 -120 M , to a SFR appropriate for a Salpeter (1955) IMF with a stellar mass range of M = 0.1 -100 M .
3.6 µm -Original 3.6 µm -Large Scale Structure 3.6 µm -Small Scale Structure Hα Figure 8 . Spatial filtering of the NGC 4490 3.6 µm image (≈ 6.2 × 4.3 kpc at 9.2 Mpc). The large and small cyan crosses mark the locations of the optical and infrared nucleus respectively (see Figure 1 ) and the 500 pc radius apertures (green circles) are from Figure 4 . The 3.6 µm large scale structure was created using a Gaussian smoothing kernel with a FWHM of 5.3 arcsec. Units are the same as in Figure 4 and Figure 5 for the 3.6 µm and Hα images respectively. Coordinate system is J2000.
Our SFR calculations are summarized in the upper part of Table 5 show the SFR that would be obtained using only the first or second terms of Equation 2 respectively. The ratio of these quantities, which provides a measure of the degree to which the star formation activity is obscured or embedded, is shown in column 6 of Table 5 . The SFR calculated using Equation 3 is shown in column 5. In the lower part of Table 5 we list two SFR estimates for NGC 4490 from the literature. Clemens et al. (1999) agree to within a factor of two or better.
DISCUSSION
Clearly the infrared nucleus within NGC 4490 is a significant structural component of the galaxy.
Our analysis has shown that, compared to the optical nucleus, it has a similar spatial extent, stellar mass, bolometric luminosity, and radial brightness profile at 3.6 µm. The feature is particularly intriguing as a double nucleus morphology is not a common structure seen in low redshift spiral galaxies. For example, the Spitzer Infrared Nearby Galaxy Survey (SINGS; Kennicutt et al. 2003) legacy project examined a sample of 75 nearby (d < 30 Mpc) galaxies representing the full range of Hubble types. While this is not a complete survey, it is interesting to note that none of the spiral galaxies observed as part of SINGS show a double-nucleus morphology in the near and mid infrared like we see in NGC 4490. In the following subsections we discuss possible origins of the infrared nucleus/region and the different implications for the history of the Arp 269 system. We then compare our results to other observations of nuclei and star-formation regions found in interacting galaxies.
A Merger Remnant?
Given the similarities between the IR feature and the optical nucleus, one natural interpretation is that the IR feature is the nucleus of a late-stage minor-merger remnant. Closely spaced double nuclei observed in other galaxies are typically interpreted as being due to a minor merger. For example, Gimeno et al. (2004) examined various major galaxy catalogs (e.g., Petrosian et al. 1978; Mazzarella et al. 1991) as well as the literature to identify spiral galaxies with reported double nuclei that are candidates for minor mergers. Their final catalog contains 107 spiral galaxies with cz < 15000 km s −1 or m B < 18, corresponding to distances d < 200 Mpc. We note that only two of the galaxies listed in this combined catalog have distances smaller than the distance to NGC 4490.
Since the pioneering study of Larson & Tinsley (1978) , numerous studies have concluded that mergers/interactions between galaxies can trigger/create higher rates of star formation than in isolated galaxies (e.g., see the Smith et al. (2016) comparative study of 46 nearby (d < 150 Mpc) interacting galaxies). The connection between mergers and intense star formation is dramatically illustrated by the more extreme ultra-luminous infrared galaxies (ULIRGs). ULIRGs, defined by L IR > 10 12 L , are known to contain starbursts driven by interacting pairs of equal mass disk galaxies that are in advanced phases of merging (see Kim et al. 2002 , and Veilleux et al. 2006 . A thorough discussion of all aspects of galaxy collisions/interactions, including the association of star formation and collisions, can be found in the reviews by Barnes & Hernquist (1992) , Struck (1999) , and Struck (2006) .
In this picture the Arp 269 system should be viewed as a triple system, where NGC 4490 is a latestage merger that is now interacting with NGC 4485. This earlier merger provides a possible driver for the NGC 4490 starburst. Privon et al. (2017) suggest that large-scale, extended star formation is expected for interactions between low-mass galaxies, in contrast to higher-mass galaxy interactions which lead to a nuclear starburst. Lotz et al. (2008) examined merger time scales applicable to mergers between equal-size spiral galaxies, and found the full merger takes place on 1-3 Gyr time scales. The models of Pearson et al. (2018) suggest that a similar timescale is also applicable for minor mergers. The Lotz et al. (2008) models also found that the star formation activity induced by the merger lasts for ≈ 10 8 yr. These timescales compare favorably with the SF driven emplacement timescale of the NGC 4490 H I plume of 6 × 10 8 yr (Clemens et al. 1998 ) and the estimated duration 24 Lawrence et al.
of continuous high levels of star formation in NGC 4490 (constant for 10 8 years) from Clemens et al. (1999) .
Alternatively NGC 4490 may be a merger remnant, but the extended H I plume may instead be primarily a tidal feature related to the merger of two gas-rich dwarf galaxies. The Pearson et al. (2016) Zw40 to be a clear example of an ongoing merger between two gas-rich dwarf galaxies. NGC 2146 is a larger galaxy, but it also has highly elongated H I filaments. Taramopoulos et al. (2001) suggest that these formed due to the interaction between NGC 2146 and a (no longer visible) low-surface brightness late-type gas-rich galaxy. Finally, Iyer et al. (2004) examined the Arp 158 system and showed that the H I extends well beyond the optical extent of the system. They conclude that it is a mid-stage merger similar to the prototypical mid-stage merger system, Arp 157, discussed in Hibbard & van Gorkom (1996) . Each of these systems are possible analogs of NGC 4490, minus the additional interaction with NGC 4485.
A variation on this scenario is that the H I surrounding Arp 269 is actually a large, highly warped, H I disk. This picture was considered by Clemens et al. (1998) , but they rejected it because there was no obvious way to obtain the degree of warping required. Given the similarity of the mass and size of the optical and infrared nuclei a major-merger cannot be discounted, and could induce the necessary severe disk warping. In this case, the H I "plume" would be the highly warped remnant of the progenitor disk(s).
An Induced Star-Formation Complex?
In the Pearson et al. (2018) model of the Arp 269 system, the need for a star-formation driven wind is removed as the H I plume is primarily a tidal feature from the initial encounter between NGC 4485 and NGC 4490. In this scenario the feature we are calling the infrared nucleus would be an large region of star-formation activity induced by one or both or the NGC 4490/85 encounters. The star-formation activity associated with the clump may still contribute material to the H I plume, but it is not the primary source of the plume.
In favor of this picture is the fact that the infrared nucleus region clearly contains signposts of active star formation activity (see subsection 3.3). In addition, radio continuum emission from the region corresponding to the infrared nucleus was first observed at 2.7 and 8.1 GHz by Seaquist et al. (1978) .
These aperture synthesis observations had high enough resolution (9 and 3 arcsec respectively) to
show clearly that the strongest radio emission from NGC 4490 is an extended non-thermal source located within an H II region complex offset from the optical center of the galaxy. Seaquist et al. (1978) also show that the thermal radio emission from the H II regions themselves contribute only a small amount to the total radio emission, and they suggest that the non-thermal emission arises from multiple supernova events.
Comparison to Clumps in Other Interacting Galaxies
To distinguish between the above two possibilities for the nature of the infrared feature in NGC 4490, we compared the 3.6 µm luminosities and the derived stellar masses of the optical nucleus and the infrared nucleus/region in NGC 4490 with both nuclei and extra-nuclear star-forming regions within other interacting galaxies. As a comparison sample, we used the Spirals, Bridges, and Tails (SB&T) sample of nearby pre-merger galaxy pairs studied by Smith et al. (2007 Smith et al. ( , 2010 Smith et al. ( , 2016 . Using photometry on sky-subtracted images using smaller aperture radii of 500 pc and did not subtract a local background on the galaxy. We made aperture corrections to the photometry interpolating between the suggested values from the IRAC Instrument Handbook 2 . We limited our sample to the 18 SB&T pairs with distances less than 43 Mpc. At that distance, a 500 pc radius corresponds to 2.4 arcsec, which is the minimum radius suggested for aperture corrections for IRAC.
In the upper and bottom left panels of Figure 9 , we provide histograms of the 3.6 µm absolute magnitudes of the nuclei and the disk clumps, respectively. The red hashed areas give the location of the absolute 3.6 µm magnitudes of the optical nucleus and the infrared nucleus/region in NGC 4490.
For the disk and nuclear regions in the SB&T sample, we calculated stellar masses from the 3.6 µm and 4.5 µm flux densities using Equation 1 (see subsection 3.1). In the right panels of Figure 9 If the possible second nucleus (IR) in NGC 4490 is only an extra-nuclear star-forming region, then it is both extremely luminous and very massive for such a region. In contrast, when we consider the SB&T nuclear clumps, both of the NGC 4490 regions lie just slightly below the median 3.6 µm absolute magnitude and log(M ) bins. In Figure 9 we also show the values for the H II regions A and B as blue hashed areas. We see that these regions fall well within the disk clump distributions and are located well below the median magnitude and mass values for nuclear clumps.
Some idea of how these clumps compare to nuclei and H II regions in a sample of (primarily) noninteracting galaxies can be obtained from data from Kennicutt et al. (1989) . In their Figure 2 In general, the more luminous a galaxy, the more luminous the central nucleus/bulge. We illustrate this trend in Figure 10 , where we compare the 3.6 µm absolute magnitudes of the SB&T nuclei with the total 3.6 µm absolute magnitudes of their host galaxy. A clear correlation is present and the NGC 4490 nuclei both fit this correlation.
In Figure 11 we show the SFR for the disk clumps in the SB&T sample along with the position of the H II regions A and B. We see that SFR of these regions is on the high-end tail of the SFR distribution.
CONCLUSIONS
NGC 4490 has a clear double nucleus structure. One nuclei is optically visible while the other is dust shrouded and is prominent at infrared and radio wavelengths. The double nucleus morphology is best observed at NIR wavelengths.
The infrared nucleus has similar physical properties as the optical nucleus. Comparison with a sample of SB&T pre-merger galaxy pairs show that the luminosity and stellar mass of the feature is similar to other galactic nuclei and much larger than most extra-nuclear star-forming regions. The most straightforward interpretation of the observations is that NGC 4490 is itself a late-stage merger remnant. Such a merger could drive the extended high level of star formation activity required for a star-formation driven emplacement of the Arp 269 H I plume. Variations on this merger scenario would have the extended H I morphology arising either as a tidal feature related to the merger, or as a highly warped disk. An alternative interpretation is that the infrared nucleus is actually a very large active region of star formation induced by the encounter(s) between NGC 4490 and NGC 4485.
In this picture the H I plume is primarily a tidal feature, but the intense star-formation activity associated with the infrared region would be expected to contribute material to the plume via stellar and supernova driven outflows.
Regardless of the merger history of the Arp 269 system, and the exact emplacement mechanism of the H I plume (tidal, disk, non-tidal, combination), we have shown that the infrared nucleus/feature in NGC 4490 is a significant structure. Its origin and influence should be considered in any future studies of the Arp 269 system. 
